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Materials
Anti-Caveolin 1 (N1-97) was from BD Biosciences. Anti-Clathrin
monoclonal X22 was provided by Yvonne Wallis (MRC-LMB). Anti-
Nedd5 polyclonal was from M. Kinoshita (Harvard Medical School).
Secondary antibodies were from Molecular Probes. Fab fragments
from monoclonal 9E10 hybridoma supernatant were produced as
described[S1].Cy3andCy5fluorophoresforconjugationtoproteins
were from AP Biotech. Fluorophore/protein ratios were in the range
of 5–10. All other reagents were from Sigma. Clathrin light chain
B-GFP was from R. Puertollano and J. Bonifacino (National Institute
of Childhood Health and Disease). All experiments used COS-7 cells
grown according to standard techniques in DMEM, 10% FCS at Figure S1. A Proportion of the Apparent Increase in Cy3 Fluo-
10% CO2. Transfection with DNA plasmids was carried out with rescence when Cy5 Is Photobleached Is Due to Photoconversion
Fugene6 (Roche). of Cy5
Cells labeled with Cy5-CTB alone were photobleached with 633 nm
Cell Labeling and Internalization Assay laser light.Resultant increases in signalin the Cy3detection channel
Fluorescent ligands were allowed to bind to cells for 5 min at 37C in arbitrary units are plotted against Cy5 fluorescence. The fact that
before being washed in DMEM and imaged in DMEM without phenol photoconversion to “Cy3“ was directly proportional to the amount
red,10%FCS,and50mMHEPES [pH7.2].After5mintheproportion of Cy5 present allowed compensation for this potential artifact to
of total ligand bound to have been internalized was less than 5%. be carried out.
For an assay of internalization, noninternalized ligand was removed
by washing cells extensively with ice-cold PBS  50 mM glycine
[pH 2.5], followed by immediate fixation. The background-corrected corrected post-bleach mean fluorescence intensity within the
mean fluorescent intensities of 30 cells from acid-washed and bleached region from the equivalent pre-bleach value. The amount
control samples were compared, and the acid-washed sample was of this increase ascribable to photoconversion of Cy5 was
found to have a mean fluorescent intensity less than 5% that of the calculated from a calibration curve such as that shown in Figure
control. S1; this curve was generated in parallel with the FRET measure-
ments, and the same imaging parameters were used. After
Optics subtraction of the increase due to Cy5 photoconversion, the real
All imaging experiments employed a Zeiss LSM510 confocal increase in Cy3 mean fluorescence intensity within the photo-
microscope. Cy3 fluorescence was detected with 545 nm excitation bleached region was divided by the “real” mean fluorescence
and a 560–590 nm band-pass emission filter. Cy5 fluorescence was intensity of Cy3 after the photobleach, and the result was expressed
detected with 633 nm excitation and a 650 nm long-pass emission as a percentage corresponding to FRET efficiency, E [2, 3].
filter. Alexa488 and GFP fluorescence was detected with 488 nm For FRET calculation on a pixel-by-pixel basis in fixed cells, pre-
excitation and a 505–530 nm emission filter. and post-bleach Cy3 images were manually aligned with Adobe
Photoshop to minimize artifacts due to small changes in image
registration. Then background-corrected pre-bleach pixel intens- FRET Measurements
FRET was measured via a modification of published methods [2, ities were subtracted from the background-corrected post-bleach
image via NIH Image, and the pixel intensities in the resultant 3]. Images of both Cy3 and Cy5 fluorescence were obtained both
before and after photobleaching of Cy5 withina5b y1 2m region. difference map were divided by post-bleach pixel intensity and
multiplied by 255 to generate a FRET image. The contrast in the All photobleaching experiments were carried out with the confocal
zoom set to 3, a 63 objective lens, and laser scanning at one FRET image was then reset so that maximal FRET gave maximal
pixel intensity (white). full 512-by-512 pixel frame every 2 s. Under these conditions, 150
iterationsofscanningwitha5mw,633nmHeNelaserweresufficient Ratio images were generated in NIH Image; Cy5 pixel intensity
was divided by Cy3 pixel intensity, the result was multiplied by 255, to photobleach Cy5 fluorescence to within 5% of the background
signal. Controls with samples labeled with Cy3 alone revealed that and the contrast was reset in the resultant image so that black pixels
corresponded to the minimal ration and white pixels corresponded the photobleaching protocol did not effect Cy3 fluorescence. Con-
trols with samples labeled with Cy5 alone revealed that photobleach- to maxima in the ratio.
ing leads to a photoconversion of Cy5 to a fluorophore, which gives
a detectable signal when visualized in the Cy3 channel, and that Immunofluorescence
Cells were fixed for 10 min in PBS  2% formaldehyde. this photoconversion is directly proportional to Cy5 fluorescence
before the photobleach (Figure S1). Data from control cells labeled Permeabilization was with 0.2% saponin. 10% FCS was included
in all antibody incubations. with the appropriate Cy5 conjugate were obtained in parallel with
each FRET experiment and used for correcting the FRET signal as
describedbelow.Photoconversionafterbleachingwith633nmlaser Supplemental References
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Figure S2. Lateral Diffusion of Transferrin-Receptor-GFP in AP180-
C-Expressing Cells Is Similar to that of Other Single Transmem-
brane-Domain Proteins Such as VSV-G-GFP
A9m circle was bleached in PM fluorescence of each construct,
and lateral diffusion into that circle followed over time. (A) shows
the raw data for ten such bleaching experiments on each construct
(circles, transferrin receptor in AP180-C cells; squares, VSV-G [4]),
and (B) shows single exponential curves fitted to that data by
nonlinear regression (R2  0.98 in both cases). The solid line is
VSV-G, and the dashed line is transferrin receptor.
Figure S3. Processing of Images for Identification of Clathrin-
Positive Pixels
The contrast in the unprocessed image in (A) was increased to
generate an essentially binary image (B). This processed image was
used as a mask to identify clathrin-positive pixels in the accompany-
ing FRET image (shown in the main section of the paper).
Figure S4. Presence of Alexa488 or GFP at the Inner Leaflet of the
PM Does Not Affect CTB-to-CTB FRET Signal
(A) Distribution of FRET signal in Nedd5-positive regions (circles)
and the rest of the PM (squares). Nedd5-positive pixels identified
by indirect immunofluorescence with an Alexa488-conjugated
secondary antibody in fixed cells were separated from the rest of
the FRET image. The frequency with which these pixels have a given
FRET signal is shown normalized so that peak  1. (B) Equivalent
analysis of Nedd5-GFP-positive pixels (circles) and the rest of the
PM (squares) in a CTB-Cy5/CTB-Cy3 ratio image.